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Summary.

The strésses'produced by gusts are proportional to the speed
of the airship. At highest speed they are of the same range of

magnitude as the stresses during the creation of a large dynamic
1ifs,
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¥ost airship pilots are of opinion that severe aerodynamioc
fo§ces act on alrships flying in bumpy weather, An exact computa-
tion of the magnitude of these forcee is not possible as they de-
rend on the strength and shape of the gusts and as probably no two
exactly equal gusts occur, Nevertheless, it\is worth while to re-
flect on this phenomenon and to get acquainted with the underlying
general mechanical principles. It will be possibﬁ&; to detemine



‘52-'-

how the magnitude of the velocity of flight influences the air .
forces due to gusts, It even becomes possible to estimate the mez-
njtude of the alr forces to be expected, though this estimation
will necessarily be somewhat vague,-due.to ignorance of the gusts,

The airship is supposed to fly not through still air but
through an atmosphere the different portions'of which have veloci-
ties relative to each other. This is the cause of the air forcés
in bumpy weather, the alrship coming in contact with portions of
a&ir having different velocities. Hence, the configuration of the
air flow around each portion of the airship is changing as it al-
ways has to conform to the changing relative velocity between the
portion of the airship and the surrounding air, A cﬁange of the
alr forces produced is the conasequence.

Even an airship at rest experiences aerodynamical forces in
burpy weather, as the air moves towards it. This ies very pronounc-
ed near the ground where the shape of the surrounding objeocts gives
rise to violent local motions of the air. The pilots have the im-
pression that at greater altitudes an airship at rest does not ex-
perience noticeable air forces in bumpy weather. This is plausi-
ble. The hull is struck by portions of air with relatively small
velocity, and as the forces vary as the square of the velocity
they cannot bescome large.

1t will readily be seen that the moving airship cannot exper-
ience considerable air forces if the disturbing air velocity is in

the direction of flight. Only a comparatively small portion of the

Ir-



-3 -

air can move with a horizontal velocity relative to the surrounding
air and this velocity can orly be small. The effect can only be
en.ak%r force parallel to the -axis of the ship which is not likely
to create large structural stresses,

There remains then as the main problem the airship in motion
coming in con%act with air moving in a transverse direction rela-
tive to the air surrounding it a moment before, The stresses pro-
duced are severer if a larger portion of air moves with that rela-
tive velocity., It is therefore logical to connider portions of
air large when ccupared with the diameter of the aivship; smaller
guste produce smaller aix fordes. It is now essential %o ;ealize
tha% their effect is exrobtly the same as if the angle of attack
of a porsicn of the airship is cbanged, The aii force acting on
each po=%ion of tho airship depends on the relative velocity he-
tween thie powtion axd the surrouniirg air. 4 r2latlive fraausver:zs
velocity u means an effective angle of attack of that pexiior
equal to uv/V, wnere V denotes she velooisy of flighs. Tas aixr-
shary thereforc is ucw to be considared &s havirg 3 variable ef-
feeotive angls of attack zlong i¥s axis, The magnitude of tne su~
paeiposed anclie of aitack is uw/V whers wu gererally is varlable,
The air ferce produced at each poartion of the airship is the same
as the 2ir Jorcs at that portion if the entire airship would have
that partizuis: aungle of abdacke. .

The manitude of the air feree dzpends on the conicity of the
airship pcréicn as dez3ribed in former notse (reference 1). The

force is proportional to the angle of attack and to the square of
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the velocity of ?light. In this case however the superposed part
of the angle of attack varies inversely as the velocisy of flight,
Ig results then that the air forces created by gusts are directly
proportional to the velocity of flight. Indeed, as I have shown
in the notes mentioned, they are proportional to the product of
the velooity of flight and the transverse velooity relative to the
surrounding air. '

A special and simple case to consider for a clossr. investiga

tion is the problem of an airship immersing from air at rest into
air with constant transverse horizontal or vertical velocity.

The portion of the ship already immersed han an angle of attack
increased by the constant amount u/V, Either it can be assumed
that by operation of the controls the airship keeps its ocourse or,
beiter, the motion of an airship with fixed controls and the air
forces acting on it under these conditione can be investigated.‘
As the fins come under the influence of the increased transverse
velocity later than the other parts, the airship is as it were un-
stable during the time of immersing into the air of greater trans-
verse velocity and the motion of the airskhip aggravates the
st-esses,

In spite of this the actual s*tresses will be of the same
range of magnitude as if the airship flies under an angle of pitch
of the magnitude u/V, for in general the change from smaller %o
greater transverse velooity will not be so sudden and complete as
suprosed in the last paragraph. It is necessary chiefly to inves-

ticate the case of a vertical transverse relative velocity u, for
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the severest condition for the airship is a considerable angle of
pitch, and a vexrtical velocity u 1increases these stresses.

Hence it would be extremely important to know the maximum velue of
this vertical felooity. The veloeity in question is not the greas-
est vertical velooity of portions of the atmosphere occurring, but
differences of this velocity within distances smaller than the
length of the airship. It is very difficult to make a positive
statement as to this velocity, but it is necessary to concelve an
idea of its megnitude, subject to a correction after the question
ig closer studied. Studying the meteoroclogical papers in the Re-
ports of the British A,C.A., chiefly those of 1808/10 and 19123/13,

I should venture to consider a sudden'change of the vertical veloc-
ity by 2 m/s (8 1/2 £t/8) as coming near to what to expect in very
burpy weather, The maximum dynamic 1lift of an airship is produced
at low velocity, and is the same as if produced at high veiocity
at a comparatively low angle of athack, not more than 5°, If the
highest vélocity'is 30 ﬁ/s (87 m/h) the ahgle of attack u/V Te-
pectedly mentioned before would be E—igal—g = 3.8°. That is a
1ittle smaller than 5° but the assumption for w is rather vague.
It can only be said that the stressces due %o gusts are of the same
range of magnitude as the stresses Cue to pitch, but they are
prcbably not larger.

A method for keeping the stresses down in bumpy weather is by
slowing down the speed of the sirship. This is a practice common
among experienced airship pilois. This procedure is particularly
recommended if the alrship is developing large dynamie lift, posi-

tive or negative, as then the siresses are already largs.



